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Outline:

* Introduction
*Fermi surface, bandstructure of bare particles,
e dressing of the charge carriers at the nodal and antinodal point
e circulating currents in the pseudogap range?
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Cuprates and High-Energy Spectroscopies

Li,CuO, .
CuGeO, 00000 Odim.

ground-state optics/EELS (AR)PES XPS XAS/EELS
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Angle-resolved photoemission (ARPES)
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Dressing of charge carriers

Energie (eV)

o
c
[J)
b
S
]
(&S]
c
o
]
=
o
D
[
o
&
o
<
o

Wave vector, k

Binding energy (eV)



Coupling to a single mode (phonons, spin fluct.)

m*=(1+1)m A = -SReX/SE|ee Z= 1/(1+A)

Engelsberg and Schrieffer, PR 131,993(1963) Scalapino in ‘Parks* (1969)



Fermi surface of Bi(Pb),Sr,CaCu,Og,

hv=21.2 eV
= antibonding
e i z a
* f - = bonding W st
x| E
E'D -10 0 10 20
1 Azimuthal angle
I =
& "

Kordyuk et al. Phys. Rev. B 66, 014502(2002)
Kordyuk et al. Phys. Rev. B 67, 064504 (2003)



How to get the bare-particle bandstructure?

@® Assumption: Z(kg,Er) small or zero.
Fit of the Fermi surface by a TB bandstructure:

Eq(K),» =Ae -2t[cos(k,a)+cos(k,a)]+4t cos(k,a)cos(k,a)-
2t**[cos(2k,a)+cos(2k a)]+ t, [cos(k,a)-cos(k,a)]*/4

= t'/t '/t t/t t from ImX along the nodal direction
—KKA = ReX = E(k)-ReZ = E,(Kk)

@® From LDA bandstructure calculations

@® By fitting the plasmon disperson
(from EELS). Measures averaged
unrenormalized Fermi velocity.
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Nucker et al. PRB 44, 7155 (1991);
Grigorian et al. PRB 60, 1340 (1999)




Dispersion in Pb-Bi-2212 along
the nodal direction
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Doping dependence of the mass enhancement
at T =30 K.

AM=f(X))~1
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Close to marginal

ReX(E) = M'E log(x/®;) x = (E* + n*T?)"2 Fermi liquid



Temperature dependence

Very small additional
renormalization below
T.near 70 meV.
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Doping dependence of the scattering rate

Energy (eV)

Offset due to Ak and %; .,
Koitzsch et al. cond-mat 0305380
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UD: almost linear in E
and T. Marginal Fermi
liquid behavior.

ImZ(Ke,E) ~ [ou(KT)2+BE2]/2

OD: quadratic in E,
Fermi liguid behavior.



Summary on the results at the nodal point

 strong renormalization over a large energy range (E> 200meV)
e coupling to a continuum
 at E.: coupling constant A ~ 1, effective mass ~ 2

 below T,: very small additional renormalization at 70 meV.
Gap energy: 30 meV = coupling to a mode at ~ 40 meV

e UD: MFL = OD: FL
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Going from the nodal to the anti-nodal point
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Kink along the (=,0)-(r,7) direction, T = 30 K <T,_

hv =38eV  =50eV Diff.

Kink at ~ 70 meV.

Kink increases strongly
with decreasing
dopant concentration
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| (0, T,hv)c[(M, (hv)A(w,&,,T)+M,(hv)
xAlw,&,,T)) f (0, T)]®R, +B(w,T)




Going from the anti-nodal to the nodal point
(A band, hv =50 eV)

The strength of the kink decreases
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Pb/Bi2212 UD, B, EDC (const k= k)

Dip at 70 meV, Ej = A+,
Coupling to a mode with
®, = 40 meV
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T-dependence of kink along (w,0)-(m,), UD sample

hv =38eV =50eV Diff.
A B
. . =
30K
3
- 120K
g1 0.0 -01 g1 00 _-10.1 0.1 0.0 -0.1 T: 120 K

Ky (A)

Strong reduction of the
coupling to the mode



Bi-2212 OP at the anti-nodal point (B)
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Evaluation in a model of
dressed quasiparticles

Sk — (E(k)Z .|.A2)1/2
E(K) = Ey(K) /(1+))

=> A, M*, A



Pb/Bi2212, A as a function of dopant concentration

0.16 0.20
dopant concentration

Kim et al., PRL 91, 167002 (2003)

In the UD region
below T_: very strong
coupling to bosonic
mode at ~ 40 meV.

Above T_: A ~1,
dispersive states
for E>AL.



Character of the mode???
Spin fluctuations or phonons

Spin fluctuations

e energy (40 meV)
* g-dependence
* no coupling above T,

Rossat-Mignot et al. P C 185, 86 (1991)
Mook et al. PRL 70, 3490 (1993) _
Fong et al. PRL 75, 316 (1995) Eschrig and Norman, PRL 85,3261(2000)

and PRL 89, 277005 (2002)




ARPES of Sr,CuO,Cl,:

the dispersion of a hole In an antiferromagnetic
CuO, plane

From the width of the
dispersion:

the dynamics of a hole
IS not determined by
the hopping integral t
but by the exchange

O hv=16eV ooy arev asevl Integral J.
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Strong interactions of
the electrons with the

antiferromagnetic spin
lattice of the Cu ions.




Coupling of a bilayer system to a resonance mode

From neutron scattering:

the coupling via the

magnetic resonance mode
occurs only via the odd channel.
A=>BorB=A

butnot A=>AorB=1B

AB and BA coupling not

possible in the very OD case.
Coupling starts when A
moves below E.




Summary - dressing of charge carriers in
high-T_ superconductors

E> ogtA, T>T,

=== COUpPliNg to a (magnetic resonance?) mode at ~ 40 meV
=== Coupling to a continuum (of spinfluctuations?) with A~1




Pseudogap range, new phase with circulating
currents with time-reversal symmetry-breaking
Quantum critical point at optimal T,

C. M. Varma PRB 61, R3804 (2000)

Dichroic signal = difference between
photocurrent for right and left circularly
polarized photons. Should become non-zero
In the I'M-mirror plane. Pseudo-rotation

of the mirror planes.




I3

enuinely
ults pre-
rrelation
Ktracting
ate close

compu-
hose of a
r found
ntangle-
rticular,
ly on the
ch’ Last,
tht be of
s due to
O

Wesky, Mew

ol Plips. 69,
vasible metal-
s o | limat.

e
g, 29712974

bridge, 198710
bridge Univ

7137 {2000

Span sys e

2002 Macmillan Magazines Lid

Spontaneous breaking of time-
reversal symmetry in the
pseudogap state of a

high-T,; superconductor
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A change in ‘symmetry’ is often observed when matter u
a phase transition—the symmetry is said to be sponi
broken. The transition made by underdoped high-tt
temperature (high-T.) superconductors is unusual, in
not a mean-field transition as seen in other supercol
Rather, there is a region in the phase diagram above t
conducting transition temperature T, (where phase ¢
and superconductivity begin) but below a characteri

perature T where a ‘pseudogap’ appears in the specuwn v
electronic excitations™”. It is therefore important to establish if

MATURE |[VOL 418| 11 APRIL 2002 | www rature. com
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Circular dichroism in ARPES of
superstructure-free (B1,Pb),Sr,CaCu,Og,;

OD/0K T=300 K

Electromagnetic elliptical
wiggler at ELETTRA
hv =50 eV
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OD 77K sample
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Pb-Bi2212 UD77K sample

Pseudogap
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Circular dichroism in Pb-Bi12212

Dichroic signal at the
I'-(=,0) and I'"-(,t) mirror
planes < 0.3 % or the
,pseudo-rotation® of the
mirror planes < +0.3°
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Previous experiments on
Bi2212 films observed a
dichroic signal of 4 % at
I"-(w,0) mirror plane or

a ,pseudo-rotation‘ of 2.3°

Hole concentration
UD OP OD

Borisenko et al. cond-mat 0305179
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